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Environmental Context 15 
Identifying the sources responsible for air pollution is crucial for reducing the impact of the 16 
pollutants on human health. The sources of the pollutants were found by applying two 17 
mathematical models to data consisting of particle size distribution and chemical composition 18 
data. The identified sources could be used as the basis for controlling or reducing emissions 19 
of air pollution into the atmosphere. 20 
 21 
Abstract 22 
Particulate matter is common in our environment and has been linked to human health 23 
problems particularly in the ultrafine size range. A range of chemical species have been 24 
associated with particulate matter and of special concern are the hazardous chemicals that can 25 
accentuate health problems. If the sources of such particles can be identified then strategies 26 
can be developed for the reduction of air pollution and consequently, the improvement of the 27 
quality of life. In this investigation, particle number size distribution data and the 28 
concentrations of chemical species were obtained at two sites in Brisbane, Australia. Source 29 
apportionment was used to determine the sources (or factors) responsible for the particle size 30 
distribution data. The apportionment was performed by Positive Matrix Factorisation (PMF) 31 
and Principal Component Analysis/Absolute Principal Component Scores (PCA/APCS), and 32 
the results were compared with information from the gaseous chemical composition analysis. 33 
Although PCA/APCS resolved more sources, the results of the PMF analysis appear to be 34 
more reliable. Six common sources identified by both methods include: traffic 1, traffic 2, 35 
local traffic, biomass burning, and two unassigned factors. Thus motor vehicle related 36 
activities had the most impact on the data with the average contribution from nearly all 37 
sources to the measured concentrations higher during peak traffic hours and weekdays. 38 
2 
 
Further analyses incorporated the meteorological measurements into the PMF results to 1 
determine the direction of the sources relative to the measurement sites, and this indicated 2 
that traffic on the nearby road and intersection was responsible for most of the factors. The 3 
described methodology which utilised a combination of three types of data related to 4 
particulate matter to determine the sources could assist future development of particle 5 
emission control and reduction strategies.  6 
 7 
Keywords: Particle size, chemical composition, Positive Matrix Factorisation, Principal 8 
Component Analysis, motor vehicles, urban corridor. 9 
 10 
Introduction 11 
Exposure to increased concentrations of particulate matter can adversely affect cardiovascular 12 
health, morbidity, mortality and life expectancy.[1-6] Brook et al.[1] provided an extensive 13 
review of studies that have focussed on the health effects of air pollution. Brook stated that it 14 
is important to consider many characteristics of particles, including surface area, particle 15 
count, lung deposition rate, and stability when examining the health effects of air pollution. 16 
Other characteristics of particulate matter, such as particle mass, size, and chemical 17 
composition, have also been shown to have different effects on human health.[7,8] While it is 18 
accepted that particle size and number impart significant adverse human effects, the influence 19 
of the chemical composition of particles on the severity of health effects is far from fully 20 
understood.[7,8] 21 
  22 
To combat the effects of air pollution, standards based on the mass of Particulate Matter 23 
(PM), have been established in several countries. For example, the National Environmental 24 
Protection (Ambient Air Quality) Measure in Australia established standards for PM10 and 25 
PM2.5 (Particulate matter smaller than 10 µm and 2.5 µm in aerodynamic diameter) as well as 26 
chemical species (CO, NO2, O3, SO2 and Pb).[9,10] However, in addition to particulate mass, 27 
particle number concentration is becoming an important parameter in the assessment of 28 
human health risk. Consequently, number-based emission standards have been introduced in 29 
some European countries. For example, the Euro 5b/6 emission standard will limit solid 30 
particle number emission factors to 6 x 1011 km-1 for all classes of diesel vehicles while a 31 
particle number emission limit for gasoline vehicles will be introduced by 1 September 32 
2014.[11,12] Importantly, both the particle number limit and the particle mass emission limits 33 
3 
 
must be met to fulfil the requirements of these standards. Wider adoption of such standards 1 
by other regions of the world is expected in the future. Therefore it has become necessary to 2 
identify the sources and locations of air pollutants not only in terms of particle mass and 3 
chemical composition but also in terms of particle size and particle number.  4 
 5 
Air samples collected at receptor sites are mixtures of particles released from various sources 6 
or formed from particle conversion.[13] Thus appropriate receptor models can be used to 7 
determine the identities of the sources as well as the contribution and location of each source. 8 
In this respect, Positive Matrix Factorization (PMF) is now a popular source apportionment 9 
model that is based on the assumption that the measured values consist of a combination of 10 
emissions from various sources. The dominant factors responsible for the particle mass data 11 
obtained at various types of receptor site have been extensively examined using PMF.[14-16] 12 
Source apportionment of particle size distributions can also be performed as the sources 13 
produce characteristic distributions that are sufficiently stable in the atmosphere when 14 
measured at a particular site.[17] Several approaches for joining information obtained for PMF 15 
analysis with other pertinent data obtained at the receptor site have been described. Results of 16 
PMF analysis were correlated with the concentrations of chemical species by Kim et al.[17] 17 
and Friend et al.[18] Chemical and particle size data were analysed in two separate PMF 18 
analyses and then compared by Gu et al.[13] Aerodyne aerosol mass spectral data has also 19 
been analysed,[19] and PMF results have been compared to the actual events that were 20 
observed during a sampling period.[20] Gaseous, chemical, and particle size data have also 21 
been analysed using PMF over short periods of time, including 6 days,[21] 5 days,[22] 17 22 
days,[23] and over a long period of time.[7,24]  23 
 24 
By contrast, the application of PCA to air quality data is associated with significant 25 
challenges because the outcomes are correlated with, but not proportional to source 26 
contributions.[25] As a consequence, the results of PCA cannot be used directly for source 27 
apportionment. In addition, PCA does not provide physically plausible solutions without 28 
recourse to rotation techniques such as Varimax. Despite these challenges, when PCA is 29 
coupled with APCS or multi-linear regression (MLR), it becomes a versatile tool for source 30 
identification and source apportionment.[25-27] Additionally, compared to PMF the procedure 31 
involved in PCA/APCS analyses are relatively simple. As far as we are aware, relatively few 32 
descriptions of the application of PCA/APCS (than of PMF) to particle number concentration 33 
data have appeared in the literature (see e.g.[28]). In particular, there is no prior report of the 34 
4 
 
application of PCA/APCS to particle size distribution/number concentration data obtained at 1 
an Australian site. Therefore, particle number size distribution data obtained at two sites 2 
located on the Brisbane Urban Development Corridor, Australia were subjected to PMF and 3 
PCA/APCS analyses in the context of (i) identifying particle sources in a typical urban 4 
environment, based on particle number concentrations, (ii) comparing the outcomes from the 5 
two receptor models that utilise different physical constraints, and (iii) providing fundamental 6 
information that can be useful for the development of strategies for the reduction of the 7 
exposure of the population to particle pollution in a city that is representative of other urban 8 
locations around the world. To facilitate the identification of the sources, results from the two 9 
PMF and PCA/APCS analyses were correlated with the chemical species measured at these 10 
sites. Additionally, the results were combined with meteorological information to estimate 11 
the most likely locations of the sources. Finally, the outcomes were discussed in the context 12 
of previous studies that involved the application of receptor models to particle mass and 13 
particle size distribution data collected in Brisbane.[29-31]  14 
 15 
Experimental 16 
Sample Collection 17 
Data collected in June 2002 at two sites along the Brisbane Urban Development Corridor was 18 
used in this study (Figure 1). This 11 km road is part of the Brisbane Urban Corridor (BUC) 19 
and consists of Granard road, Riawena road, Kessels road, and Mount Gravatt-Capalaba road 20 
(Figure 1). Up to 50,000 vehicles per day travel through this largely residential area per day 21 
with several major throughways, including Beaudesert Road, the South-East Freeway, and 22 
Mains Road crossing the link road. Throughways result in significantly congested 23 
intersections. Particle size distributions, chemical species concentration and meteorological 24 
data were collected at both sites (Table 1) and the summary statistics for the collected data 25 
are provided in Supporting Information 1 and 2. 26 
 27 
Site 1 – This site was near Granard Road and Beaudesert Road, and situated in an industrial 28 
environment with open terrain and stop-start traffic with an intersection close to the site. A 29 
local airport is located southwest of the site and is a major centre for aviation activities 30 
including flight training. There are also a number of motor vehicle service centres in the area. 31 
The local roads have significant traffic flow rates, so these emissions could have an impact on 32 
the obtained data. 33 
5 
 
 1 
Site 2 – The site was located at the edge of the car park of a shopping centre along Kessels 2 
road. This site has an open terrain with less traffic than Site 1. Local traffic lights and the 3 
traffic travelling to and from the shopping centre contributed to a stop-start traffic pattern 4 
around the site. The speed limit along both sites was 60 km/h.  5 
 6 
Measurement instrumentation 7 
Particle number size distributions were measured using a Scanning Mobility Particle Sizer 8 
(SMPS TSI Model 3071), connected to an electrical power source, with the detectable size 9 
range of 0.0138 µm to 0.723 µm. One hundred and ten (110) size bins were obtained during 10 
each complete scan which lasted 5 minutes. A CO and NOx analyser and a Tapered Element 11 
Oscillating Microbalance (TEOM) were used to measure CO, NOX and PM10 at the sites. 12 
However, due to the restricted availability of equipment, sampling was not conducted 13 
simultaneously at the two sites. 14 
 15 
Measurements were made 5-10 metres from the roadside with the sample intake 16 
approximately 2-3 metres above the ground. During the collection, the sampling instruments 17 
were housed within a mobile trailer with meteorological measurements taken from a station 18 
mounted on top of the trailer. Although trends in the concentrations can be observed with this 19 
data, advanced multivariate techniques are needed to determine the sources of the pollution at 20 
the sites and understand the factors that may influence PM reduction strategies.  21 
 22 
Receptor Modelling 23 
Both modelling approaches used in this study assumed that the particle concentration at each 24 
site is the linear sum of the particle concentrations from all of the sources contributing 25 
particles to that receptor site.[7] Therefore the same particle number concentration data was 26 
used for both analyses. In each case, each size bin was considered as a species and treatment 27 
of a missing concentration was carried out as described previously.[7,13,18,20] 28 
 29 
The PMF analyses were performed using the two-way model described by Paatero and 30 
Tapper.[31] One of the advantages of this model is that it weights the uncertainty of each data 31 
point and applies a non-negativity constraint to the data, which ensures that the source 32 
contributions are always positive.[32,33] The uncertainties for individual data points were 33 
6 
 
determined using the equation described by Ogulei et al.[24] and the PMF2 program was run 1 
in the robust mode, allowing outlier data to be down-weighted and a robust factorization to be 2 
obtained.[32] Determination of the optimum number of factors by comparing the obtained Q 3 
value with the theoretical Q (number of elements in the data matrix),[34] minimisation of the 4 
FPEAK parameter to control rotations,[35] calculation of the modelled particle number 5 
concentration,[24,36] examination of the scaled residuals to ensure that each size bin is 6 
normally distributed between 3 and –3,[37] and conditional probability analyses to estimate the 7 
most likely locations of the resolved sources[38] were accomplished by the procedures 8 
discussed by Friend et al.[29,31] Finally, the determined sources are compared with the results 9 
obtained in previous studies that have taken measurements directly at similar sources or 10 
performed PMF analysis at similar receptor sites to evaluate how physically reasonable the 11 
current results are. Although this process does involve some subjective interpretation, the 12 
evaluation tools provide an objective basis for the identification. Hopke et al. found that 13 
results produced by researchers with different preferences and opinions were highly 14 
correlated.[39] 15 
 16 
PCA/APCS modelling was performed with SPSS statistical Software Package 19 (SPSS Inc., 17 
USA). The detailed procedure adopted for the PCA/APCS analysis is similar to that described 18 
by Guo et al. (2004) and Guo et al. 2009.[26,27] In summary, an initial PCA was carried out 19 
after the data pre-treatment, followed by varimax rotation of the resulting matrix and 20 
estimation of the contribution of each of the identified sources. The absolute factor scores 21 
generated after the initial PCA and varimax rotation of the resulting matrix were used as 22 
independent variables and multi-linear regressions were performed using the particle number 23 
concentrations as dependent variables in accordance with the following equation.[27] 24 
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where p = 1, 2, …. n, Ci is the total particle number concentration for i, bi0 is the constant 26 
term of multi-linear regression for the particles, i; bpi is the multiple linear regression 27 
coefficient for the source p and particle, i; APCSp is the scaled absolute principal component 28 
score of the rotated factor p for a measurement, APCSp x bpi represents the contribution of 29 
source p to Ci. The values of Ci, bio and bpi have the same dimensions as the original particle 30 
number concentration. 31 
7 
 
Further Data Treatment 1 
For both Sites 1 and 2, chemical composition data (CO, NO, NO2 and PM10) was measured 2 
with meteorological data (wind speed and direction) also measured at Site 1 during the 3 
sampling period (Table 1). To provide further information on the resolved sources, the PMF 4 
contributions were correlated against the chemical data to find the species associated with 5 
each factor.  6 
 7 
Results and Discussion 8 
An overview of the data 9 
The chemical species data statistics were examined and compared with the Australian 10 
standards. The average CO concentration during the sampling period was 1.50 ppm for Site 1 11 
and 1.10 ppm for Site 2, with the maximum value being 6.5 ppm and 5.1 ppm for Sites 1 and 12 
2, respectively. The Australian guideline for CO is 9.0 ppm averaged over an 8 hour 13 
period.[10] Thus, neither site showed values close to this limit. 14 
 15 
The average value for nitrogen dioxide (NO2) was 0.030 ppm for Site 1 and 0.027 ppm for 16 
Site 2, while the maximum values for 5 minute samples for Sites 1 and 2 were 0.124 ppm and 17 
0.066 ppm, respectively. Although the defined standard for NO2 is 0.12 ppm, averaged over 1 18 
hour, neither of the sites had values exceeding this value. Site 1 had higher values for CO and 19 
NO2 because this site was located close to a major intersection while Site 2 was in a shopping 20 
centre car park.  21 
 22 
The average values of the PM10 measured at the sites were 30.7 µg/m3 and 20.0 µg/m3 for 23 
Sites 1 and 2, respectively. While the maximum value for 5 minute samples was 124.8 µg/m3 24 
at Site 1, the corresponding value at Site 2 was 43.8 µg/m3. Again, the Australian guideline 25 
(50 µg/m3 averaged over 1 day) was not exceeded during the sampling at both sites. As 26 
shown later, the chemical species data were combined with the PMF results to provide further 27 
information on the sources resolved by the PMF analyses.  28 
  29 
Representative summary statistics for the particle size distribution and chemical species data 30 
are presented in Supporting Material 1 and 2. As in some other urban environments (see 31 
e.g.[28,40,41]), the mean particle number concentration (N14-710) for each scan was of the order 32 
of 104 particles cm-3 at both sites. This probably suggests the presence of typical urban 33 
8 
 
pollution sources at these sites. However, there are illustrative differences between the sites. 1 
While the mean particle number concentration was ca 17,720 particles cm-3 in Site 1, the 2 
corresponding concentration was ca 12,600 particles cm-3 at Site 2. Thus it appears that the 3 
mean particle count at Site 1 was higher than that at Site 2. But it is noteworthy the number of 4 
samples obtained for Site 1 was significantly higher than the equivalent number for Site 2. 5 
The comparative trends in the mean particle count at different size bins usually, but not 6 
consistently, reflect the differences in the particle counts at the sites. For example, the mean 7 
particle counts were 235.1 particles cm-3 at 55.2316 nm in Site 1 and 169.3 particles cm-3 at 8 
Site 2; 171.7 particles cm-3 at 105.545 nm in Site 1 and 136 particles cm-3 in Site 2; but 23.8 9 
particles cm-3 at 685.3896 nm in Site 1 and 31.7 particles cm-3 in Site 2. It was not possible to 10 
identify the prevailing sources at these sites from the particle number size distribution data. 11 
Therefore, receptor modelling was performed on the data with the results highlighted below. 12 
 13 
Source identification  14 
An important part of the PMF analysis was to determine the number of factors (sources). 15 
Thus several criteria were applied to the PMF results in order to find the ideal number of 16 
sources for both sites. FPeak was varied between –0.5 and 0.5 with 0 found to give the best 17 
solution by examining the source profiles and G-space plots. Standardised residuals were also 18 
examined to see if they were normally distributed between –3 and 3. Finally, the current 19 
results were compared with previous particle number size distribution studies and PMF 20 
analyses of this type of data to evaluate how physically reasonable the resolved sources were. 21 
The eventual outcome was that PMF resolved 6 sources for each of the sites.  22 
 23 
Representative PMF results are displayed in Figures 2 – 4, Table 2 and in the Supporting 24 
Material. Source profile plots for Sites 1 and 2 are shown in Figures 2 and 3. A summary of 25 
the results provided in the Supporting Material is shown in Table 2. The source contributions 26 
are shown in Supporting Material 3 and 4. By averaging the contributions from different 27 
sampling periods, it is possible to obtain more useful information from the data. For example, 28 
the average for each hour of the day was compared and shown in Supporting Material 5 and 29 
6. Regression of the contributions determined during the PMF analyses and the chemical 30 
species measured showed the species related to the identified sources. Supporting Material 7 31 
and 8 display the Pearson Correlation values for the two sites. For Site 1, the sampling 32 
occurred over more than a week. So, the average of the weekday contributions (Monday – 33 
Friday) were compared with the average for the weekend (Saturday and Sunday) displayed in 34 
9 
 
Supporting Material 9 and summary statistics shown in Supporting Material 10. Statistical 1 
significance tests were performed for the diurnal, and weekday/end analyses to determine 2 
whether the trends found were important. One-way ANOVA with a 95% significance level 3 
was used and the results showed that for the diurnal analysis, all differences were significant. 4 
For the source descriptions below, all results were significant unless otherwise stated. The 5 
residual mass not explained by the model for each size fraction was examined and found to 6 
be normally distributed between –3 and 3. An example of the residuals is provided in 7 
Supporting Material 11. Conditional Probability Function (CPF) analysis was performed 8 
using meteorological data and the contributions from the PMF analysis and representative 9 
results are shown in Figure 4. Finally, the percentage contributions of the sources identified 10 
are presented in Table 2.  11 
 12 
The six PMF-resolved sources were identified at both sites but with two not identified. While 13 
the source profile results at both sites were similar some differences in the other trends in the 14 
data were evident. The correlation coefficients of chemical species with PMF results were 15 
slightly lower for many of the sources for Site 2 possibly due to the effect of the source 16 
contribution of one sample with a significantly higher concentration rather than a consistent 17 
trend. Further explanation of the source identities and trends in the results are discussed later 18 
in this section. 19 
 20 
For the PCA/APCS analyses, a combination of Scree plot and Kaiser’s criterion (i.e. 21 
eigenvalue > 1 for significant principal component) were used to select the optimal number of 22 
factors (sources). This yielded 10 sources from Site 1 and 8 for Site 2. The number of sources 23 
identified by PCA/APCS thus appears to be more than those identified by PMF. In this 24 
respect, the trend observed in the number of factors by these modelling methods is different 25 
from that reported in one of our previous studies.[31] While the reason for this is not 26 
immediately known, it is noteworthy that there are significant differences between the data 27 
sets used in this analysis and the one used in the previous study. For example,   the data used 28 
in the previous analysis consisted of 21 elemental mass concentrations while the one used in 29 
the current study consisted of 110 particle number size distributions. It is also significant to 30 
note that each of the additional sources obtained by PCA/APCS were minor sources. For 31 
example, the cumulative eigenvalue for the first 6 factors obtained for Site 1 was 88.3%, so 32 
the remaining 11.7% are shared among the next 4 factors. Secondly, because of the absence 33 
of negativity constraint in the PCA/APCS algorithm, the source profiles show some negative 34 
10 
 
readings in contrast to those obtained from the PMF analyses. However, these do not distract 1 
from the interpretability of the source profiles. At both sites, 6 of the sources were similar to 2 
those resolved by PMF. Therefore the ensuing discussion will be focussed on those sources. 3 
Although PCA/APCS resolved more sources than the PMF analyses, the PMF results appear 4 
to be more physically plausible. Thus, except otherwise stated, more emphasis have been 5 
placed on the discussion of the PMF results but comparison with the PCA/APCS was also 6 
undertaken.  7 
   8 
Traffic 1 - The first PMF-resolved source at both sites was identified with a peak in the size 9 
distribution at 30 – 40 nm as traffic 1 and may be from petrol vehicles.[7,24] Diurnal analysis 10 
showed the highest peak between 5 – 8 AM and a smaller afternoon increase peaking 11 
between 5 and 6 PM. Significant petrol vehicle traffic is present in the area and this is 12 
consistent with the morning and evening peak hours. Two significant peaks were observed in 13 
the contribution plot for Site 2 at 6 PM and at 11 PM probably due to one time petrol vehicle 14 
events. The weekday/weekend analysis performed for Site 1 showed that the average of 15 
contributions during the weekdays was higher than the average for the weekend.[24] As people 16 
travel to and from work in petrol vehicles, this is an expected observation. The chemical 17 
species correlations showed that NO and CO were partially significant for this source. CPF 18 
analysis identified the direction of the road intersection close to the site as the likely location 19 
of the source. Finally, this was the highest contributing source to the number of particles at 20 
Site 1 (31.9%) and one of the highest contributors for Site 2 (20.0%). A similar source was 21 
observed in the PCA/APCS analysis performed for each of the sites and was also assigned 22 
Traffic 1. To compare the outcomes from the two receptor models, a scattered plot of the 23 
contributions for Traffic 1 (PMF) against Traffic 1 (PCA/APCS) was made for each site, and 24 
the results revealed that the R2 value was 0.53 for Site 1 and 0.52 for Site 2, (Supporting 25 
Materials 12 and 13) confirming the similarity in the PMF and PCA/APCS outcomes. 26 
 27 
Traffic 2 - possibly from diesel vehicles was identified as the second source for both sites 28 
with a peak at 50 – 80 nm in the size distributions.[7,20,24] A peak from 5 AM to 8 AM was 29 
found to be similar to that observed for the traffic 1 source. Also, higher hourly averages 30 
were observed in the evening from 6 PM to midnight.[7,24] For Site 1, the average contribution 31 
on the weekend was found to be higher than weekday contributions, and this may be due to 32 
increased activity observed in the contribution plot from the Friday to the Sunday morning. 33 
Chemical species correlations showed that NO, CO and PM10 were high for this source, 34 
11 
 
suggesting that it might be a diesel source. The intersection and road to the south were found 1 
to be the likely location of the source in the CPF analysis. Site 1 found a percentage 2 
contribution of 22.4% which was the third highest contribution while at Site 2, 22.3% was 3 
found and this was the highest. Scattered plots of the contributions from the equivalent 4 
PCA/APCS and PMF–resolved source gave R2 = 0.76 for Site 1 and 0.96 for Site 2, again 5 
confirming the similarity in the outputs of both models.     6 
 7 
Local traffic - source 3 showed a peak in the nucleation region at 15 – 20 nm and was 8 
identified as local traffic with a possible influence from a local airport or aircraft 9 
emissions.[13,42,43] Studies of airport and aircraft emissions have shown a similar peak to this 10 
source in particle size distribution analysis.[44-46] The contribution plot for Site 1 showed a 11 
very similar pattern for each day with the average hourly contribution peak between 5 – 8 12 
AM. However, compared to the traffic 1 and traffic 2 sources the afternoon peak was less 13 
pronounced. For Site 2, the peak observed at 9 AM was different from those observed in the 14 
previous motor vehicle sources. For example, the peak at 9 AM on June 25 was prominent 15 
and this is different from the motor vehicle sources that showed peaks on the evening of 24 16 
June. The weekly variation plot for Site 1 shows the higher average on weekdays due to the 17 
association of this source with combustion. NO2 and PM10 were found to have some 18 
correlation with the contributions. A slightly more south-east peak was observed in the CPF 19 
analysis but the contribution from the intersection and road to the south was still prevalent. 20 
This factor has 26.8% contribution at Site 1 and 20.1% at Site 2. The higher contribution at 21 
Site 1 may be due to the proximity of the airport to the site. The plots of the contributions for 22 
source against the corresponding PCA/APCS source showed R2 values of 0.51 and 0.92 for 23 
Sites 1 and Site 2, respectively.  24 
 25 
Biomass burning - a peak in the source profile plot at 100 – 200 nm with two minor modes in 26 
the nucleation region was attributed to biomass burning sources. Biomass burning is a 27 
common source in the area. Rissler et al.[47] measured similar size distributions in the 28 
Amazon area,[47] but there was limited occurrence of this type of emissions in the proximity 29 
of the site during the time of measurement. Because the sampling occurred during winter and 30 
there were significant residential and commercial premises in the area, particles from wood 31 
burning in these residences may be responsible. The contribution plots showed a similar 32 
pattern to the local traffic source and so the diurnal variations also identified 5 – 8 AM as the 33 
peak in Site 1 and 9 AM for Site 2. There were however higher contributions during the 34 
12 
 
evening than for local traffic. Supporting Material 9 showed that there was no statistically 1 
significant difference between weekday and weekend average contributions for Site 1 while 2 
Pearson correlation with NO, NO2, CO and PM10 showed that the highest correlation was 3 
found for NO and PM10. Peaks to the south-west of the site were again observed for this 4 
source. The percentage contribution values obtained for this source by PMF were 11.7% and 5 
21.9% at Sites 1 and 2, respectively. As shown in Supporting Materials 12 and 13, the 6 
correlation coefficients for the PMF and PCA/APCS contributions for both sites are high. 7 
Interestingly, the percentage contributions found by PCA/APCS (9.3% for Site 1 and 27.2% 8 
for Site 2) were also similar to those obtained by PMF. 9 
 10 
Unknown 1 - The fifth source was difficult to identify, so it was labelled as Unknown 1. The 11 
source was characterised by a major peak at 150-300 nm with smaller peaks differing 12 
between the two sites. Gu et al.[13] identified a source with a peak at 300 nm to be re-13 
suspended dust but in that study, a larger peak was observed at a higher size range than this 14 
analysis covered. Gu et al. also did not find any nucleation mode peaks such as those found at 15 
20 nm for Site 1 and 15 to 80 nm in Site 2. Yue et al.[48] identified a source similar to that of 16 
Gu et al. with peaks at 300 nm, 1.5 µm and a minor peak below 100 nm. Based on a 17 
correlation with NOx and a rush-hour pattern, Kim et al.[17] identified a source with peaks at 18 
200 – 300 nm and 40 – 50 nm as traffic related but more from vehicles. Another possible 19 
explanation for this source is secondary particles as similar sources to those observed in this 20 
study have been identified in the literature.[7,13,24,48,49] The diurnal pattern for the fifth source 21 
was similar to that for the previous factors which have peaks at 5 – 8 AM at Site 1 and 10 22 
AM at Site 2. Average contributions of weekdays and weekends showed the former to be 23 
higher while the correlation with the other species found NO and PM10 to be the most 24 
correlated. These trends are similar to those found for the traffic sources and this may 25 
indicate that re-suspended dust or road dust raised by the tires of traffic travelling along 26 
nearby roads is the source. The percentage contribution values obtained for this source by 27 
both PMF and PCA/APCS were relatively low - 4.7% and 9.8% by PMF for Site 1 and Site 2, 28 
respectively and 5.3% and 13.30% by PCA/APCS for Site 1 and 2 respectively. Further 29 
corroboration of the similarities in the outcomes of PMF and PCA/APCS for this source came 30 
from the scattered plots which had R2 = 0.59 and 0.88 for sites 1 and 2 respectively. Finally, 31 
CPF showed the most likely direction of the source to be to the south in agreement with the 32 
direction of the motor vehicle sources. 33 
 34 
13 
 
Unknown 2- the sixth and final common source was also difficult to identify and it showed 1 
significantly different features at the two sites. At Site 1, two peaks were found; one at 15 nm 2 
and the other at >400 nm. These two peaks were also found at Site 2 but with an additional 3 
major peak at 150 nm. This major peak resembles the peak associated with the biomass 4 
burning source while the peak at the higher size range is consistent with road dust. Aircraft 5 
emissions have been found to possess a peak at 15 nm. Given the closeness of this site to an 6 
airport the contribution of aircraft emissions to this Site 1 cannot be excluded. However, the 7 
peaks at high size ranges may be attributed to marine aerosol from on-shore winds that carry 8 
salt over long distances.[50] The occurrence of fog may also produce particle number peaks 9 
but there were no fog events during the sampling. Lastly, the nucleation mode peaks may 10 
indicate the influence of motor vehicles for the source. The diurnal variation showed a peak 11 
from 5 – 8 AM but the contribution plots indicate that this source was affected more by 12 
occasional peaks. A high weekend average was found at Site 1 but the contribution plot 13 
indicates that this was due to very low values during Monday to Wednesday and a peak on 14 
the weekend. NO and PM10 showed weak correlation with the contributions and CPF analysis 15 
indicated from the south-west as the direction of the source. Finally, significantly lower 16 
percentage contribution values (2.6% at Site 1 and 5.9% at Site 2) than the other factors were 17 
found and this may explain why it was difficult to identify this source. Despite the difficulty 18 
in assigning this source, it is noteworthy that the correlation between PMF and PCA/APCS 19 
results for this source are high, evidenced by the R 2 of 0.76 obtained for the scatter plots for 20 
both sites (Supporting Materials 12 and 13). 21 
 22 
As the sites were located along the same corridor, an additional PMF analysis was conducted 23 
that consisted of the combined particle size distributions from both sites. Unfortunately, the 24 
results were dominated by the measurements at Site 1, possibly because they were conducted 25 
over a longer period of time.  26 
 27 
Conclusions 28 
The sources responsible for particle size distribution data collected at two sites along an 29 
urban corridor in Brisbane, Australia were identified with the aid of PMF and PCA/APCS. 30 
The combination of the particle number concentrations with chemical species data facilitated 31 
the identification of the sources. Thus, 6 sources were resolved by PMF at each of the sites 32 
while PCA/APCS resolved 10 sources in Site 1 and 8 in Site 2. Interestingly, 6 of the 33 
14 
 
PCA/APCS sources at each site were similar to the 6 resolved by PMF. These were identified 1 
as traffic 1 (possibly from petrol vehicles), traffic 2 (possibly from diesel vehicles), local 2 
traffic, biomass burning, and two unknown sources. The use of Conditional Probability 3 
Function (CPF), with input data from the receptor modelling results and the meteorological 4 
data, allowed the most likely locations of the prominent sources to be identified. Regardless 5 
of the receptor modelling method used, it was evident that vehicle emission related sources 6 
dominated the supply of particles to these sites. Any future attempt to reduce the particle 7 
counts in the region or in similar locations around the world must be focussed on such 8 
sources.  9 
 10 
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Figure 1: Map of the location of the sampling sites within the Brisbane Urban Corridor (BUC). 2 
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Data Type 
Site 1 Site 2 
Sampling Start Sampling Finish Number of Samples 
Sampling 
Collection 
Interval 
Sampling Start Sampling Finish Number of Samples 
Sampling 
Collection 
Interval 
Particle Size 
Distribution 
Monday 17 
June 2002 at 
2:53 PM 
Sunday 23 
June 2002 at 
8:43 PM 
1787 5 minutes 
Monday 24 
June 2002 at 
1:14 PM 
Tuesday 25 
June 2002 at 
2:04 PM 
276 5 Minutes 
Chemical Species 
Monday 17 
June 2002 at 
2:53 PM 
Sunday 23 
June 2002 at 
8:43 PM 
1787 5 minutes 
Monday 24 
June 2002 at 
1:15 PM 
Tuesday 25 
June 2002 at 
2:05 PM 
276 5 Minutes 
Meteorological 
Data 
Monday 17 
June 2002 at 
2:30 PM 
Sunday 23 
June 2002 at 
8:30 PM 
301 30 Minutes 
    
Table 1: Data collected at Site 1 and Site 2. 1 
 2 
 3 
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Figure 2: Source Profile from the PMF analysis of Site 1. 2 
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Figure 3: Source profile from the PMF analysis of Site 2. 2 
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Source Diurnal variation (Peak concentration) Chemical species (Pearson correlation) Weekly 
CPF 
direction Percentage Contribution 
 Site 1 Site 2 Site 1 Site 2 Site 1 Site 1 Site 1 Site 2 
Traffic 1 5-8 AM (12108 cm
-3) 
and 5-6 PM (6999 cm-3) 5-6 PM (7508 cm
-3) NO (0.57), and PM10 (0.57) 
NO (0.59) and 
CO (0.57) 
Weekday 
(5631 cm-3) South-West 31.9% 20.0% 
Traffic 2 5-8 AM (7188 cm
-3) and 
6-12 PM (5634 cm-3) 5-6 PM (7990 cm
-3) NO (0.66) and CO (0.64)  
NO (0.38) and 
CO (0.40) 
Weekend 
(4570 cm-3) South 22.4% 22.3% 
Local 
Traffic 5-8 AM (10401 cm
-3) 9 AM (6638 cm-3) NO2 (0.51) and PM10 (0.52) 
NO (0.59) and 
CO (0.44) 
Weekday 
(4447 cm-3) South-East 26.8% 20.1% 
Biomass 
Burning 5-8 AM (3691 cm
-3) 9 AM (4660 cm-3) NO (0.61) and PM10 (0.57) 
NO (0.32) and 
PM10 (0.30) 
Same  
(1800 cm-3) 
South-West 11.7% 21.9% 
Unknown 1 5-8 AM (1227 cm-3) 10 AM (2538 cm-3) NO (0.44) and PM10 (0.45) 
NO (0.35) and 
PM10 (0.51) 
Weekday 
(686 cm-3) South 4.7% 9.8% 
Unknown 2 5-8 AM (1734 cm-3) 9 AM (1543 cm-3) NO (0.57) and PM10 (0.52) 
NO (0.52) and 
PM10 (0.51) 
Weekend 
(975 cm-3) South-West 2.6% 5.9% 
Table 2: Percentage contribution for the PMF analysis of Site 1 and Site 2. 1 
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Figure 4: Conditional Probability Function (CPF) results for Site 1 2 
